Adsorption Experiment
The experimental study of CO 2 adsorption was carried out using the protocol reported by Liu et al. 1 The adsorption column was made of quartz glass with a length of 14 cm and an inner diameter of 1.5 cm. The adsorption column was placed into a temperature-controlled heating jacket and filled with 4.0 g of adsorbents. CO 2 (99.99%) SO 2 (0.5%), and NO (5%) were mixed with N 2 (99.99%) at predetermined compositions.
The concentration of CO 2 was measured by a gas chromatograph (GC) connected to the outlet of the adsorption column. In a typical experimental setting, adsorbents were treated under a nitrogen flow of 50 cm 3 /min at 473 K for 1.5 h and then cooled to the test temperatures. The nitrogen flow was then switched to a CO 2 -containing, simulated flue gas with a flow rate of 50 cm 3 /min. The mole fraction of CO 2 was kept at 10 vol % at atmospheric pressure. To investigate the effect of moisture on the adsorption capacity of CO 2 , water vapor was introduced into the gas stream (10 vol % CO 2 ) through a water saturator.
The CO 2 adsorption capacity from the breakthrough curves is calculated using
where q is the adsorption capacity of CO 2 (mmol/g), M is the mass of adsorbent (g), Q is the gas flow rate (cm 3 /min), c 0 and c are influent and effluent CO 2 concentrations (vol %), t denotes time (min), T 0 is 273 K, T is the gas temperature (K), and V m is 22.4 mL/mmol. 
